Background. The objective of this study was to examine the epidemiology, natural history, and prognostic factors of combined hepatocellular and cholangiocarcinoma (cHCC-CC) using population-based registry. Methods. The Surveillance, Epidemiology, and End Results Program database was used to identify cases of cHCC-CC. Multivariable logistic regression was used to evaluate factors associated with cancer-directed surgery (CDS). The influence of CDS on cancer specific survival was evaluated using Kaplan-Meier curves and Cox proportional hazards modeling. Results. A total of 380 cases of cHCC-CC were identified, which account for approximately 0.87% of primary liver tumors. Of all patients, 69.8% of patients had regional or distant stage; 65.6% of patients had poorly or undifferentiated histology. Only 44.9% of patients with localized disease, received CDS. By logistic regression analysis, being widowed, advanced stage, and earlier diagnosis year were associated with lower rate of utilization of CDS. In multivariate analysis, tumor stage, receipt of CDS, and recent year of diagnosis were found to be significant predictors for cancer-specific survival. Conclusions. Patients with localized cHCC-CC who are selected for CDS were strongly associated with improved survival. However, many patients with localized tumors did not receive potentially curative cancer-directed surgery. Further study is warranted to address the barriers to the delivery of appropriate care to these patients.
Introduction
Combined hepatocellular and cholangiocarcinoma (cHCC-CC) is an uncommon subtype of primary liver cancer [1, 2] . The disease was first described in 1949 by Allen and Lisa and has been defined as the intimate intermingling of both a HCC component and CC component (2) . Two histopathological classification schemes have been proposed (1, 2) . Allen and Lisa [1] described three groups, type A with HCC and CC present at different sites within the same liver, and type B with HCC and CC present at adjacent sites and mingle with continued growth, and type C with HCC and CC are combined in the same tumor. Goodman et al. [2] categorized cHCC-CC into three types: (i) collision type, (ii) transitional type, and (iii) fibrolamellar type. Kim et al. [3] and Zhang et al. [4] proposed that cHCC-CC is a distinct type of primary liver carcinoma, which is morphologically and phenotypically intermediate between HCC and CC and may be derived from hepatic progenitor cells with the bipotential to differentiate into both hepatocytic and cholangiocytic lineages.
Because of the rarity of cHCC-CC, previously published literature has been based on case series and anecdotal experiences [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , with largest case series include thirty cases. The majority case series so far were reported from Asia. Most of these reports were histopathological studies, the demographic features and clinical behavior of this disease remain ill-defined, and the outcomes of these patients are varied in a number of studies. For example, the reported results of surgical resection from single institution have been inconsistent [10, [15] [16] [17] [18] [19] . In this study, we take advantage of the vast amount of data collected by the SEER Program to examine the largest series of cHCC-CC reported to date. We examine the incidence, natural history, utilization of cancerdirected surgery (CDS) as well as prognostic factors that might affect the survival for cHCC-CC.
Study Population.
The cases of cHCC-CC were extracted from the SEER on the basis of anatomic site (ICD-O-2 codes C22.0-22.1) and histological type (ICD-O code 8180) for those patients first diagnosed and/or treated between January 1973 and December 2004. A total of 42,654 patients with hepatobilliary neoplasms were identified in the SEER 17 registries, among them, 380 patients were found with cHCC-CC. Cases identified at the time of autopsy or by death certificate only (24 cases) were excluded from survival analyses.
Variables.
Patients' social demographic characteristics (i.e., age, race/ethnicity, and marital status) and tumor grade and stage at the time of diagnosis, were determined from the SEER database.
Because there is no AJCC (The American Joint Committee on Cancer) staging system for cHCC-CC, general summary stage was used [21] . This system classifies patients as having local, regional (extension into adjacent tissues or nodal involvement), or distant disease. The World Health Organization's standard grading system was used with four separate categories (well, moderately well, poorly differentiated, and undifferentiated). For analysis purpose, they were grouped into low grade (well, moderately well differentiated) and high grade (poorly differentiated, and undifferentiated).
In SEER database, any treatment that is given to modify, control, remove or destroy primary or metastatic cancer tissue is considered to be cancer-directed surgery (CDS). CDS was defined in this study as surgical resection (hepatectomy), transplantation, local regional therapy (such as radiation frequency ablation, chemoembolazation, and embolization), and unknown surgery, based on values for site-specific surgery and surgery of the primary site codes within the database [21] . Since only few patients received local regional therapy, we grouped these patients together with patients underwent unknown surgery together as "other surgery".
Statistical Analysis.
By using linked population files, ageadjusted incidence rates and their 95% confidence intervals (CIs) were calculated for cHCC-CC for all patients, for men and women separately, and for each of the 3 broad categories of race (whites, blacks, and other) and in three time periods. Discrete data are reported as frequencies and compared by chi-square tests. Continuous data are reported as mean ± SD and compared by Student's t-test. Multivariate logistic regression analyses were used to determine the factors associated with receipt of cancer-directed surgery. Survival duration was measured by the Kaplan-Meier method and compared by the log rank test. Multivariable Cox proportional hazards model was used to identify independent predictors of long-term cancer specific death. SEER * Stat 6.2.4 (Surveillance Research Program, National Cancer Institute) was used for incidence analyses [20] . All other statistical calculations were performed by SPSS 12.0 (Apache Software Foundation 2000). Survival durations calculated by SPSS. Comparative differences were considered statistically significant when the P value was <.05.
Results

Frequency and Incidence.
Between 1973 and 2004, a total of 380 patients with cHCC-CC were identified from 42,654 patients with hepatobilliary neoplasms, which consisted of 0.87% of all patients with hepatobillary cancers. A constant age-adjusted incidence of 0.03 per 100,000 was observed in these three time periods. Detailed incidence data by time period, gender, and race are included in Table 1 . 
Patient and Tumor Characteristics.
Treatment.
Cancer-directed surgery was performed for 79 (20%) patients, among them, 20 patients underwent liver transplantation, 40 patients underwent partial hepatectomy, 5 patients underwent local surgery (4 patients received radiofrequency ablation (RFA) and 1 patient received percutaneous ethanol injection (PEI)), and the rest of 14 patients underwent unknown surgery. A total of 301 (79.1%) patients were treated nonsurgically. Radiation therapy was performed in a total 22 (5.8%) of patients, in 4 (1.1%) of 22 patients, radiation was used as an adjuvant to surgery (Table 2) .
In a logistic regression analysis, marital status, tumor stage, and year of diagnosis were identified as independent predictors of receiving CDS. The patients who were widowed, patients with advanced stage and those who were diagnosed before 1989, were less likely receiving CDS (Table 3) . In a separate analysis restricted to patients with local and regional disease, the above factors remained independent predictors of CDS.
Survival Analysis.
The mean followup duration of the entire cohort was 8.4 months. A total of 341 of 380 (89.7%) patients died during the followup period.
For survival analysis, we excluded the cases that were identified at autopsy or on the basis of death certificates only. A total of 356 patients were included in cancer-specific survival analysis. The median overall survival for all cases was 4 months (95% CI 3-5). Figure 1 presents the cancer specific survival rates according to patient and tumor characteristics. Cancerspecific survival rates for entire cohort at 1-, 3-, and 5-year were 26.5%, 12.4%, and 9.2%, respectively, (Figure 1(a) ). The 1-, 3-, and 5-year cancer-specific survival rates for patients with local and regional stage tumor were 56.3%, 29.0%, 22.1%, 25.3%; 9.6%, and 4.8%, respectively, and for patients with distant stage tumor were 6.1%, 1.5%, and 0%, respectively, (Figure 1(b) ). There was a significant difference in survival between patients who underwent CDS (transplantation, resection or other surgery) versus those did not (P < .0001) (Figure 1(c) ). The outcomes of patients with cHCC-CC were significantly improved for patients who were diagnosed in later years (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) compared to those in earlier years (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (Figure 1(d) ). Table 4 presents the result of multivariate survival analyses using Cox proportional hazard model. After adjusting for the demographic, clinical, and treatment-related factors, tumor stage, receiving CDS, and year of diagnosis were identified as independent predictors of cancer-specific survival. Compared to patients with localized disease, patients with regional and distant disease had 1.62 and 2.5 fold increased risk of dying, respectively. The most important predictor of outcome was CDS. Patients who receive cancer directed surgery had significant decrease in the risk of dying than those patients who did not. 
Journal of Oncology
Discussion
The reported frequency of combined tumors in series of primary hepatic malignancies varies widely, from 1.0-4.7% [1, 2, 11, 15] . In this study, cHCC-CC accounted for approximately 0.87% of primary liver tumors during study period, which is lower than what was reported in single institution studies [13] . "Referral bias" may contribute to the observed higher incidence rates in the single institution studies, which usually were from tertiary hospitals and referral centers. Patients with rare histology subtypes are more likely to visit referral centers for second opinion; pathologists in tertiary centers usually have more opportunity seeing these cases and having expertise to identify these cases, compare with community counterparts. Therefore, the incidence rate found in a population-based study, which include wide spectrum of hospitals, are more likely to reflect the true incidence of this rare tumor. Similar with previous studies, most of patients with cHCC-CC presented with high histological grade tumors and advanced stage disease at the time of presentation (Table 2) . Our findings, along with others [22] , supports the notion that cHCC-CC represents a distinct, aggressive subtype of liver cancer [4] [5] [6] [7] [8] [9] [10] [11] . These findings of subtype-related differences in liver cancer have significant implications: better therapy of liver cancer is more likely to be achieved by investigating each subtype of liver cancer separately rather than grouping them all together. As our understanding of the genetic basis for cancer grows, it is likely that liver cancer will be subdivided into ever finer categories.
Surgery is the only treatment offering the possibility of a cure. The main treatment goal should be complete excision with negative margins and limited impact on liver function. In our cohort, only 20% of all patients received CDS. This likely reflects their advanced stage on presentation. The majority of patients unfortunately were not candidates for potential curative CDS. In addition less than half of the patients with localized disease underwent CDS (Table 2 ) raises a concern whether cancer-directed surgery was underused in this population. The findings of disparity of CDS utilization in cHCC-CC are similar with findings in studies in HCC [23, 24] , efforts should be made [25, 26] and a shift towards an earlier stage at diagnosis [22, 27] , and advances in liver surgery technique [14, 28, 29] . Although the role of liver transplantation in the management of HCC or cholangiocarcinoma is well defined [30, 31] , data about the role of liver transplantation in the management of cHCC-CC are lacking [32] . Our study represented the largest series of surgical management of patients with cHCC-CC. At present, liver transplantation and resection are the only potential curative therapy for cHCC-CC, therefore, surgery should be considered in patients when complete resection is possible. Because, liver resection carries considerable operative risk; poor performance status and comorbidities may have precluded some patients from resection.
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Journal of Oncology Currently, there is no literature available addressing impact local regional treatment options on survival specifically on cHCC-CC. Transarterial chemoembolisation (TACE) and percutaneous treatments such as percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA) are widely used treatments for unresectable HCC and postresection recurrence [33, 34] . However, many cHCCCCs are less vascular and much more fibrotic than HCC, and thus are less likely to respond to TACE or PEI [35] . Our findings suggest RFA is useful in selected patients; however, the small numbers of the patients underwent this therapy and the short duration of followup, makes any conclusions unreliable, and more research is required to confirm this finding.
Consistent with single institution studies, the prognosis of this disease was poor [15, 17, 18] , the median cancer specific survival for the patients with distant disease was 2 months (range 0-31 months). We did, however, observe a significant improvement in the outcome of patients with cHCC-CC over time (Figure 1(d) ). Since there was no effective chemotherapy for liver cancer during the study period [36] , the better outcomes likely reflect the advance in surgical techniques, better perioperative management and supportive care [14, 28, 29] .
Our findings should be interpreted within the limitations of the study. Although we adjusted for differences in demographic and tumor factors, residual confounding might still be present. Unlike single-institution studies, the accuracy of staging and pathologic diagnosis within a national registry may vary widely across the institutions. In addition, SEER data did not allow us to examine surgical volume, and patient's comorbidities, all of which may influence survival in cancer patients. However, the use of cancer specific survival rather than overall survival in our study has modified the limitation to some degree.
Strengths of this study include the populations-based design and the large sample size. Having large sample size is of particular importance for analysis of rare tumors such as cHCC-CC, where it is nearly impossible for a single institution to collect enough cases to make meaningful analysis regarding important prognostic factors.
Conclusions
The findings of this study confirmed that CDS was associated with statistically significant increase in cancer-specific survival. However, fewer than 50% patients with localized disease received CDS. Further study is warranted to explore and address the potential barriers to the delivery of appropriate care to these patients.
